On February 24, 2020, the first infected person with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was diagnosed in Switzerland. On March 9, 2020, the first patient requiring mechanical ventilation was admitted to the intensive care division at Geneva University Hospitals, the largest healthcare complex in Switzerland. The complex serves a population of 506,000 inhabitants, with a 30-bed medical and surgical ICU and a full technical plateau ([@R1]). Switzerland has been one of the most affected countries in the world, with a prevalence increasing from 7.2 to 357 cases per 100,000 inhabitants between March 9, 2020, and May 19, 2020 ([@R2], [@R3]).

At the end of February 2020, Geneva University Hospitals received a mandate from the health authorities to prepare to receive an important wave of patients with coronavirus disease 2019 (COVID-19). It was decided that the university hospital would become the "COVID-19 hospital," and the surrounding private hospitals would care for non-COVID-19 patients. Consecutively all patients diagnosed with COVID-19 in surrounding hospitals as well as ambulatory patients with suspected COVID-19 requiring hospitalization were transferred to Geneva University Hospitals. A hospital preparedness committee was initiated on February 28, 2020, and transformed into a crisis cell on March 18, 2020. The Swiss government decided on March 13, 2020, to partially confine the population ([@R4]). Predictions based on early local epidemiological data estimated that Geneva may need more than 180 ICU beds at the peak. At that time, it was reported that 5% to 32% of COVID-19 patients required ICU admission ([@R5], [@R6]), with very high mortality rates both in China and in the United States ([@R7]--[@R11]). An Italian study of 1,591 ICU patients reported a mortality of 26% for the whole cohort, but of 61% when considering only patients discharged from the ICU ([@R12]).

The purpose of this study was to report the experience of our center in terms of ICU organization and anticipation, as well as reporting patient characteristics, treatment, and outcomes.

MATERIALS AND METHODS
=====================

Study Design and Participants
-----------------------------

This single-center prospective observational study was conducted at the ICU of University Hospitals of Geneva (Geneva, Switzerland), between March 9, 2020, and May 19, 2020. All adult patients admitted to the ICU with acute respiratory failure due to SARS-CoV-2 infection were included. SARS-CoV-2 infection was defined by a positive reverse transcriptase-polymerase chain reaction testing on a nasopharyngeal swab and/or bronchoalveolar lavage (BAL) fluid. Criteria for ICU admission followed Swiss triage and ethics guidelines ([@R13]). Only patients requiring mechanical ventilation or F[io]{.smallcaps}~2~ greater than 80% were admitted to the ICU. The institutional ethics committee approved the study (BASEC Number: 2020-00917). An informed consent was obtained either from the patient or the next-of-kin.

ICU Preparedness and Reorganization
-----------------------------------

The ICU was reorganized to accommodate a larger number of patients by transforming the surgical intermediate care unit, the postoperative care facility, and operating theaters into ICUs (**Fig. S1**, Supplemental Digital Content 1, <http://links.lww.com/CCX/A249>). ICU cells of 8--10 patients were created, and each cell was staffed with two physicians, five nurses, and two assistant nurses. One attending physician and one physical therapist were available for two cells. The trigger for opening a new ICU cell was dependent on the inflow of new COVID-19 patients. New cells were prepared and staffed in order to always have 10 to 15 beds available for new incomings. The opening of new units was decided by an ICU direction cell composed of the chief of the ICU and two attending physicians. Medical and nursing staff was mainly recruited from anesthesia since all elective surgery was stopped. Only a few physicians, nurses, and assistant nurses were recruited from internal medicine and PICU. Former intensivists, both physicians and nurses, working elsewhere in the hospital were also recruited. Intermediate care units were densified and expanded to other locations in order to provide pre- and post-ICU care with trained and dedicated staff. In these units, patients could receive noninvasive ventilation, continuous positive airway pressure, and high-flow nasal oxygenation (HFNO).

Two shock rooms for handling incoming COVID-19 patients were set up at the entrance of the ICU with a team of experienced physicians and nurses, wearing Tyvek gowns, filter facepiece class 2 (FFP2) masks, and eye protections (**Fig. [1](#F1){ref-type="fig"}**). The incoming patient was intubated and fully equipped before being taken care of in the COVID-19 cells ([@R14]). The ventilator management was under the primary responsibility of the physicians taking care of the patients in the ICU cell. Nurses with specific ICU formation could manage the ventilators mainly during the weaning period but always under control of the physician in charge. Physical therapy resources have indeed been very helpful in the management of ventilated patients. Physical therapists helped managing the ventilators for patients needing noninvasive ventilation or during the weaning and extubation phases. The team of physical therapists of the ICU has been reinforced by physical therapists from other wards of the hospital and worked 24/7 during that period of time.

![Shock room with two patients requiring intubation by a dedicated team of intensivists and anesthetists, wearing Tyvek gowns, filter facepiece class 2 masks, gloves, and goggles.](cc9-2-e0173-g001){#F1}

ICU-specific procedures and therapies were protocolized and taught using regular teaching and e-learning modules. Medical care followed international standards, such as lung-protective ventilation ([@R15]), neuromuscular blockade ([@R16]), prone positioning ([@R17]), inhaled nitric oxide (iNO), and venovenous extracorporeal membrane oxygenation (ECMO). Systemic glucocorticoids were considered in patients remaining with poor oxygenation from day 10 onwards after intubation ([@R18]). Usual strategies for the prevention and control of infection, surveillance, and diagnosis of healthcare-associated infections were maintained, including the use of a ventilator-associated pneumonia (VAP) bundle for all patients ([@R19]). A detailed description of ICU organization and protocols for admission criteria, prevention and infection control, mechanical ventilation, including weaning, use of neuromuscular blocking agents and sedative drugs, prone positioning, use of noninvasive mechanical ventilation (NIV) and HFNO in nonintubated patients, renal replacement therapy (RRT), venovenous ECMO, tracheostomy, thromboprophylaxis, nutrition, family communication, and end-of-life care can be found in the ICU Preparedness and the COVID-19 specific ICU protocols sections of the Supplemental Digital Content (<http://links.lww.com/CCX/A249>), respectively.

Wellness of Caregivers
----------------------

The institution organized free meals delivered to the ICU, free parking, free accommodation in neighboring hotels, grocery pick-up, and hairdressers at the hospital. Two psychologic therapists were present in the ICU, interacting, and debriefing with healthcare workers (HCWs). Hypnosis sessions, massages, and spiritual support were also a daily resource available during breaks or after work.

Contacts With Families
----------------------

Next-of-kin were not allowed to visit patients in the ICU. Families were called every day using a dedicated smartphone using video calls and were able to see and talk to the patients directly. If distress was detected, family members could call a hotline number and be directed to psychologic therapists. An electronic diary where caregivers and families could write or put pictures in was also set up and given to patients or families upon discharge or death. Families, protected according to COVID-19 hospital hygiene standards, were allowed to come to the ICU in the context of end-of-life to see the patient before and after death.

Data Collection
---------------

Patients were classified in two groups: nonsurvivors and patients discharged alive from the ICU on May 19, 2020. Demographics, comorbidities, severity scores, and a panel of biological variables were collected at the time of admission. Treatments such as mechanical ventilation, antibiotics, vasoactive drugs, corticosteroids, iNO and venovenous ECMO, and potential antivirals were recorded. Complications during the ICU stay were recorded prospectively, including venous thromboembolic events, VAP, septic shock ([@R20]), and acute renal failure requiring RRT and pressure sores. Patients were followed-up until hospital discharge or death.

Statistical Analysis
--------------------

Continuous variables are presented as median and interquartile range (IQR). Categorical variables are expressed as the number of patients (percentage). Proportions are presented with 95% CI. Patients were grouped by vital status at ICU discharge (discharged alive and nonsurvivors). The Mann-Whitney *U* test was used to compare nonparametric continuous variables among two groups. chi-square or Fisher exact test was used for categorical variables, as appropriate. We estimated the cumulative incidence of death in the ICU and discharge by time from admission to the ICU (d) using a competing risk survival model based on Fine and Gray proportional sub hazards model. We calculated the incidence of VAP per 1,000 days of ventilation and the 95% CI within each group. All reported *p* values are two-sided and statistical significance was defined as *p* value of less than 0.05. Analyses were performed using Stata IC 16.0 (StataCorp, College Station, TX) and R Version 3.6.2 (R project, St. Louis, MI).

RESULTS
=======

A total of 129 patients with acute respiratory failure due to COVID-19 were admitted to the ICU during the study period. SARS-CoV-2 infection was confirmed by nasopharyngeal swab and BAL in 119 and 10 patients, respectively. We reported data by vital status at ICU discharge according to those discharged alive (*n* = 105) and those who died in the ICU (*n* = 24). ICU mortality was 19% (95% CI, 13--27%).

**Table [1](#T1){ref-type="table"}** shows the demographic and clinical characteristics of patients. Overall, 99 patients (76.7%) were male and similarly distributed among the two groups. Median age was 64 years (range, 25--86 yr). Patients who died in the ICU were significantly older than those discharged alive. Patients were similar among the two groups with regards to their body mass index. More than 80% (104 patients) were overweight, including 35.7% (46 patients) obese patients.

###### 

Demographic and Clinical Characteristics of Patients Admitted to the ICU

![](cc9-2-e0173-g002)

The COVID-19 intermediate care units cared for a total of 295 patients during that period of time. Of those, 61 were transferred to the ICU and 87 were transferred from the ICU. Thirty-three patients were admitted to the ICU from a medical ward.

One-hundred one patients (78.3%) had at least one comorbidity. Hypertension was the most common comorbidity, affecting 61 patients (47.3%). Other frequent comorbidities were diabetes (26.4%), hypercholesterolemia (27.1%), and cardiomyopathy or heart failure (24%). No difference was observed in the proportion of patients affected by each comorbidity among the two groups, except for malignancy that was significantly more represented in the group of patients who died in the ICU. Only 19 patients (14.7%) were active smokers. Patients who died in the ICU had higher severity scores at admission compared with those discharged alive.

Regarding laboratory data, patients were admitted with severe lymphopenia; 94 (72.9%) had less than 10^9^ lymphocytes/L, irrespective of the groups. [d]{.smallcaps}-dimers, creatinine, high-sensitive troponin T (hsTnT), procalcitonin, and C-reactive protein were all significantly higher in the group of nonsurvivors.

**Table [2](#T2){ref-type="table"}** shows treatments, complications, and outcomes of COVID-19 patients admitted to the ICU. Almost all received invasive mechanical ventilation (96.1%). All patients had moderate to severe acute respiratory distress syndrome (ARDS) ([@R21]). At the time of admission, the oxygenation and ventilator variables were similar among the two groups. In nonsurvivors, the proportion of patients receiving iNO and the number of prone sessions were significantly higher. Eleven patients (8.5%) required venovenous ECMO. Twenty-three patients (17.8%) were tracheostomized. Regarding other medical treatment, the proportions of patients treated with antibiotics and their duration were similar across the two groups. The proportion of patients treated with glucocorticoids for ARDS was higher among nonsurvivors. The proportion of patients treated with hydroxychloroquine was higher among the group of patients discharged alive from the ICU. The distribution of other anti-SARS-CoV-2 treatments were similar across groups.

###### 

Treatments, Complications, and Outcome of Patients Admitted to the ICU

![](cc9-2-e0173-g003)

Regarding complications, only septic shock significantly differed among the two groups, and it was significantly higher in patients who died in the ICU. The incidence density of VAP was low (2.9 VAP episodes/1,000 ventilation days). Fifteen of 120 patients (11.6%) required RRT.

Among patients discharged alive from the ICU, 87 (82.9%) were transferred to an intermediate care ward and 18 (17.1%) to a medical care ward; two patients died after limitation of care on the ward after ICU discharge. Median duration of ICU stay was 15 days (IQR, 10--21 d), but it was not significantly longer in patients discharged alive from the ICU (median, 16 d \[IQR, 11--21 d\] vs 12.5 d \[IQR, 9--18 d\] for nonsurvivors (*p* = 0.346). Eighty-five patients (81%) were discharged from the acute care facility on May 19, 2020, after a median stay of 28 days (IQR, 21--36 d). Fifty-two patients (61.2%) required rehabilitation and 33 (38.8%) went home.

The cumulative mortality rate in the ICU by time from admission and the cumulative incidence of those discharged alive from the ICU are shown in **Figure [2](#F2){ref-type="fig"}**. The cumulative mortality rate plateaued after 15 days from admission. The cumulative incidence of discharge alive from the ICU increased gradually after 7 days from admission to the ICU and plateaued after more than 30 days. Patients died following therapeutic withdrawal in the context of refractory hypoxemia and/or multiple organ failure (21 patients), sudden hypoxemic cardiac arrest (two patients), and cerebral hemorrhage under venovenous ECMO (one patient).

![Cumulative mortality rate within the ICU by time from admission and the cumulative incidence of patients discharged alive from the ICU. The *gray line* represents the cumulative mortality rate in the ICU by time of admission, and the *black line* shows the cumulative incidence of patients discharged alive from the ICU.](cc9-2-e0173-g004){#F2}

Total bed capacity was constantly above the number of beds occupied by COVID-19 patients (**Fig. [3](#F3){ref-type="fig"}*A***). The evolution and balance over time between patients admitted and discharged are shown in **Figure [3](#F3){ref-type="fig"}*B***. The total number of HCWs increased by a factor of 2.3; medical staff increased from 45 to 146; nursing staff (nurses and assistant nurses); and physical therapists increased from 150 to 296 and from 8 to 18, respectively. Temporal increase of staff compared to bed occupancy is shown in **Figure S2*a*** and **S2*b*** (Supplemental Digital Content 1, <http://links.lww.com/CCX/A249>). During the study period, 21 HCWs (21/460; 4.6%), five physicians, 14 nurses, and two physical therapists were found to be positive with SARS-CoV-2. They all had minor symptoms.

![Capacity and occupancy of ICU beds by coronavirus disease 2019 patients, and balance of patients with time. **A**, Capacity and occupancy of ICU beds by coronavirus disease 2019 patients. *Navy blue bars* represent the actual bed occupancy across time. The *light blue area* represents the total bed capacity. Total bed capacity constantly exceeded the number of occupied beds. **B**, Balance (*black line*) of patients across time between admissions (*red bars*), patients discharged from the ICU (*blue bars*), and deaths (*gray bars*).](cc9-2-e0173-g005){#F3}

DISCUSSION
==========

On May 19, 2020, 30,672 COVID-19 cases were laboratory-confirmed in Switzerland for a population of 8.6 million, corresponding to an incidence of 357 cases/100,000 inhabitants, with 1,636 COVID-19-related deaths. In the canton of Geneva, the incidence was 1,043 cases/100,000 inhabitants, with 267 deaths ([@R2]). At that time, the local epidemic curve reached zero, with no new admission.

In this study, we describe the rapid adaptive ICU reorganization to the incoming wave of severe COVID-19 patients, as well as the care and the outcome of the 129 critically ill COVID-19 patients admitted to our unit. This represents the first report of a complete wave of COVID-19 critically ill patients admitted to an ICU. We report a mortality rate lower to that previously reported in COVID-19 ICU patients in other countries with similar severity patients ([@R6], [@R8], [@R12], [@R22], [@R23]), with a mortality rate of 19%. We associate this favorable outcome with an effective upstream preparation and organization to care for the sickest COVID-19 patients and a rapid expansion of ICU beds to novel nearby locations, together with the necessary human resources, material, training, protocolized care, and a strong program to prevent secondary infections ([@R24]). At no time during this period, we experienced a shortage of staff, beds, ventilators, sedatives, neuromuscular blocking agents, antibiotics, disposable items, gowns, and FFP2 or surgical masks. To staff additional beds, a rapid recruitment of physicians, essentially anesthetists, and nurses was made possible by the interruption of all elective surgery.

Almost all patients were intubated. Patients with marked hypoxemia requiring HFNO or NIV were generally kept out of the ICU in well-equipped intermediary care units. Caring only for the sickest patients may explain that initial oxygenation variables were more severe in our patients compared with other patient cohorts ([@R11], [@R12]). We used neuromuscular blockade in practically all intubated patients ([@R16]) and prone positioning frequently (73.6% of patients) at the beginning of mechanical ventilation, which may also have had a favorable impact on patient outcome ([@R17]). In the most severely ill patients who did not respond to this treatment, nonventilatory additional treatments were used, such as iNO and venovenous ECMO. Mortality rate of patients requiring venovenous ECMO was in line with mortality rates recently reported in severe COVID-19 patients ([@R25]).

Prevention of secondary bacterial infections was a priority from the beginning, including a VAP prevention bundle ([@R19]), initial empirical antibiotic therapy, and antibiotic stewardship. The low measured VAP incidence density of 2.9 VAP/1,000 ventilation days during this period was in the same range as those measured previously in 2018 (5.4) and in 2019 (2.5) in our unit, which may have contributed to the favorable outcome. Among other complications, the incidence of septic shock was low compared with other reports ([@R26]). Venous thromboembolic events were diagnosed in 14.8% of patients. Incidence of thromboembolic events in our cohort was lower than recently reported ([@R27]). The use of a thromboprophylaxis regimen with an increased dose of heparin, rather than standard dose, may account for these results.

Obesity has been associated with a higher risk for the need of invasive mechanical ventilation in COVID-19 patients ([@R28]). Most of our patients were overweighed (80.6%), and frequently obese (35.7%), suggesting a link between obesity and severe SARS-CoV-2 infection. Similar to other studies ([@R10]--[@R12], [@R29]), we found that most COVID-19 patients had comorbidities (73.3%), mainly hypertension, diabetes, hypercholesterolemia, and cardiac disease. Surprisingly, active smokers were underrepresented in our patients compared to the proportion of smokers in the Swiss population (14.7% vs 27.1%, respectively) ([@R30]). Similarly, a low proportion of smokers was also found in COVID-19 patients from China ([@R5], [@R8]). However, smoking seems to be associated with a worse outcome ([@R31]). Patients who died were older and had a higher Simplified Acute Physiology Score II score. Patients requiring frequent prone sessions, as well as those who developed secondary sepsis, were also more likely to die. Higher levels of [d]{.smallcaps}-dimers, plasma creatinine, hsTnT, C-reactive protein, and procalcitonin at the time of admission were found in patients who died, possibly related to a more important inflammatory response ([@R6]). Patients were admitted with more profound lymphopenia than in previously described cohorts ([@R9]--[@R11]). In contrast with the study of Liu et al ([@R32]), the neutrophil/lymphocyte ratio was not different between survivors and nonsurvivors.

Some patients arriving from the ward were treated with lopinavir/ritonavir; this was generally stopped at ICU admission. Most patients received an initial treatment with hydroxychloroquine and azithromycin. Patients who died in the ICU were significantly less frequently treated with hydroxychloroquine. This result should be taken with caution due to the small number of subjects. Most of the recent studies report a lack of efficacity of hydroxychloroquine ([@R33]--[@R36]). However, at this time, no randomized double-blind controlled trial has been published yet.

As families were not allowed to visit patients, we set up daily teleconferences using dedicated smartphones and offered the possibility of support in the case of psychologic distress through a hotline. In contrast with some centers, we encouraged families to come during the end-of-life period, in a dedicated room, using appropriate personal protective measures. An electronic diary was implemented during ICU stay where both caregivers and families could write and post pictures. By these measures, it is our hope that these measures will help families to prevent stress and anxiety ([@R37]).

Our study has some limitations. First, it is monocentric. Second, the small number of nonsurvivors did not allow to identify independent prognostic factors in a multivariate analysis. Although probable, a direct causality link between ICU preparedness, surge capacity, and the outcome of patients cannot be ascertained in our setting. In a trauma setting, overwhelmed hospitals lead to supplemental deaths ([@R38]); such analysis has not been described in the context of the current COVID-19 pandemic.

In conclusion, the anticipation and preparation ahead of the wave of incoming severe COVID-19 patients by upgrading massively the number of ICU beds and staffing with external aid allowed to maintain a good quality of care, which translated into a low mortality rate.
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